To measure the prevalence of symptomatic (S-IDH) and asymptomatic intradialytic hypotension (A-IDH) or postdialysis overhydration in a satellite haemodialysis clinic in Western Australia.
| INTRODUCTION
Despite numerous technical improvements, intradialytic hypotension (IDH) is still a classical problem in satellite dialysis clinics. Previous literature has reported very divergent rates of occurrence, ranging from 20%-60% (Rocha, Sousa, Teles, Coelho, & Xavier, 2015; Schiller, Arramreddy, & Hussein, 2015) . There is more evidence emerging about the damaging effects of IDH (Chao, Huang, & Yen, 2015;  McIntyre, 2010) causing morbidity and increased mortality rates in haemodialysis patients (Flythe, Xue, Lynch, Curhan, & Brunelli, 2015) . Therefore, awareness of IDH warrants the attention of all renal healthcare professionals involved in direct patient care (Ghaffar & Easom, 2015) .
Primarily, each IDH event has a critical impact on the quality of life of haemodialysis patients and is responsible for significant patient symptoms such as cramps, fatigue, nausea and vomiting, dizziness and loss of consciousness (S-IDH). Asymptomatic IDH (A-IDH) has been defined as a systolic blood pressure (SBP) drop of 20 mmHg or more according to the National Kidney Foundation Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines (National Kidney Foundation Inc., 2005) , but without any clinical symptoms. Multiple definitions for IDH exist, ranging from intradialytic SBP drop combined with nursing interventions like saline bolus administration and pausing of ultrafiltration. (Flythe et al., 2015) .
Other IDH definitions focus solely on intradialytic SBP assessment with the precondition of a SBP drop of 20-40 mmHg or nadir SBP of 90-100 mmHg (Dheenan & Henrich, 2001; Flythe et al., 2015) .
However, the combination of SBP fall with SBP nadir of <110 mmHg has also been commonly accepted as IDH definition (Flythe et al., 2015; Imai et al., 2006) . IDH also has damaging effects on a variety of organ systems. There is sufficient evidence that any event of an IDH, either symptomatic or asymptomatic, qualifies as an ischaemic insult (Bradshaw & Bennett, 2015; Daugirdas, 2015; Davenport, 2015) . It has been reported that it adversely affects end organs including the brain, gastrointestinal tract and the heart and causes deterioration of residual kidney function, as well as cardiac stunning and ischaemic brain injury (McIntyre & Goldsmith, 2015) . It has also been linked to vascular access thrombosis, insufficient dialysis dose and mortality (Flythe et al., 2015) . In conclusion, IDH is harmful, and every effort must be undertaken to avoid its occurrence. Daugirdas (2015) suggested that by measuring the incidence of IDH, the quality of care could be improved, as it would then come to the attention of renal healthcare providers who could evaluate their existing IDH preventive methods. This measure could prompt quality improvement measurements for the improved awareness, identification and prospective treatment of IDH. It could also lead to important changes in policy and practice to reduce IDH prevalence.
As we try to achieve euvolemia during haemodialysis, using ultrafiltration, sometimes this goal cannot be achieved for multiple reasons. This can result in post-treatment overhydration (OH), in some way converse to IDH, and has been described as strongly linked to left ventricular hypertrophy and increased morbidity and mortality (Huang, Filler, Lindsay, & McIntyre, 2015) .
| MATERIALS AND METHODS

| Study design
We performed a retrospective observational study of 64 patients over a period of three consecutive months from June-August 2015.
A total of 2,357 dialysis treatments were investigated for the occurrence of S-IDH, A-IDH and OH.
| Setting, sample and data collection
A regional satellite haemodialysis unit in Western Australia (WA) was selected for this observational study. What does this paper contribute to the wider global clinical community?
• Detailed knowledge of the prevalence of hypotensive episodes during haemodialysis;
• Detailed knowledge of the prevalence of postdialysis overhydration;
• This paper underscores the obvious need for more objective fluid assessment methods when renal nurses want to assess the intravascular volume status of haemodialysis patients and aim for prevention of intradialytic hypotension. 
| Study population
Patients with chronic kidney disease attended maintenance haemodialysis three times per week, one group of patients attended the clinic for haemodialysis on Monday, Wednesday and More than half of all patients had at least one episode of IDH during the observation period, while a third had at least two or more IDH episodes. With increasing duration of the dialysis session, a higher frequency of IDH events was observed. The highest incidence of S-IDH or A-IDH was 23.6%, observed in the patient group receiving 4.5-hr treatment, followed by the 5-hr treatment group with an incident rate of 22.3% of all treatments. Shorter treatments of 3-4 hr had significantly fewer IDH episodes. There was a significant difference between various treatment durations for the occurrence of any IDH (v 2 = 65.35, df = 4, p < .01). In contrast, the shorter the treatment, the more OH events occurred, peaking at 18.6% OH in the 3-hr group, also demonstrating a significant difference between treatment durations (v 2 = 53.03, df = 4, p < .01). Females had a higher rate of IDH than male patients (v 2 = 6.45, df = 1, p = .01). At the time of leaving the dialysis unit, females also had slightly more episodes (5.1%) of OH than males (4.1%), but with no statistically significant difference.
Most episodes of IDH developed in patients with diabetes and hypertension, followed by those with glomerulonephritis and reflux nephropathy (v 2 = 15.25, df = 4, p = .04). Polycystic kidney disease, focal segmental glomerulosclerosis (FSGS) ranked much lower with only 2%-8% of all treatments. Interestingly, two patients with Alport syndrome had the highest occurrence of OH, followed by patients with hypertension and diabetes mellitus (v 2 = 51.06, df = 11, p < .01).
With regard to ethnicity, it was observed that IAs experienced the highest occurrence of IDH events. Caucasian patients had
slightly fewer IDH events, but without a significant difference between these groups. However, patients of Asian origin showed an event rate of IDH which was significantly lower than both IAs and Caucasians (v 2 = 14.28, df = 2, p = .01). Asian patients also had the lowest event rate of OH compared with all other ethnicities. In contrast, most OH events occurred in IAs followed by Caucasians
There were only marginal differences in events across months. August had a slightly higher event rate of IDH than June and July. This was similar for OH. The highest occurrence of IDH was noted on a Friday, followed by Monday and Saturday (Table 2 ).
Monday and Tuesday had the highest occurrence rates for any IDH with 14.0%, followed by Friday (MWF) and Saturday (TTS) (13.8% combined). The midweek-day had the least occurrence of IDH in both groups with 11.5%, demonstrating significant difference.
There was a series of treatments which were scheduled for a Sunday. These showed an unusual level of increase in IDH events. As this was not part of the normal process of regular dialysis treatments, we removed them from data analysis.
Overhydration was most frequent on Mondays in the MWF group and Tuesdays in the TTS group (Table 3) .
A GEE was performed to assess the impact of several factors on (Table 4) .
The results of this model showed that females had almost twice the odds of experiencing any form of IDH in comparison with males.
Patients with glomerulonephritis had significantly lower odds of an IDH event when compared to those with diabetes. There was also a much higher likelihood of IDH in August than in June or July. While no statistical significance was found for the day of treatment, treatment duration had an important impact on predicting IDH. Longer treatment hours had a threefold higher chance of IDH in the 4.5-hr group and 3.6-fold higher in the 5-hr group respectively, in comparison with the 4-hr patient group. Patients receiving 3-hr treatment had 10% higher chance of experiencing IDH. There was no statistical significance when observing for day of treatment, ethnicity, group or SES.
A GEE model was also applied to predict the probability of postdialytic OH initially using the same independent variables as in the previous model for IDH. By eliminating the nonsignificant results, the final model contained the variables age, duration, day of treatment and cause (Table 5) .
Interestingly, this model revealed that patients had a more than five times higher chance to be overhydrated after the dialysis treatment on the first day of the week (Monday or Tuesday) than on a Friday or a Saturday quently and yet remain undetected (Horkan, 2013) . Moreover, some authors recommend intervening in the event of A-IDH as a pre-emptive method to improve long-term outcomes for patients and to decrease morbidity and mortality (Bradshaw & Bennett, 2015) . Some authors have posited ". . .that the dialysis community has tacitly accepted that IDH is an innate feature of the HD treatment" (Schiller et al., 2015, p. 233 ) and is therefore not focused on its prevention and early identification. This highlights the need to also capture A-IDH events when analysing IDH.
T A B L E 3 Occurrence of S-IDH, A-IDH, any IDH and OH in the combined MWF and TTS groups (treatment-based)
The study cohort of 64 patients included a relatively small number of female patients (n = 19), but our results showed a higher percentage of IDH events amongst females than males. This is congruent with previous research where most IDH events occurred in older, female and diabetic patients (Sands et al., 2014 should reduce the incidence rate of IDH (Agar, 2016; Hossli, 2005) as this should reduce the ultrafiltration rate (UFR) per hour. The higher occurrence of IDH episodes may be explained by large interdialytic weight gains (IDWG) resulting in higher UFRs in some of the patients in our study. This assumption correlates with the findings of Schulz et al. (2007) , where fewer episodes of IDH in patients with IDWG < 1.5 kg/2 days were described. This is consistent with the findings of Santos, Peixoto, and Perazella (2012) where excessive IDWG was associated with more events of IDH. However, it is not unlikely that other additional factors, like intradialytic food intake, especially during increased treatment times or incorrect IBW might have contributed to a higher prevalence.
The policy of the dialysis unit in our study allowed for a maximum UFR of 1,000 ml/hr for each patient within the cohort, regardless of their individual IBW. While this might work for some patients well, it might be difficult for others, especially if their IBW is much lower than 100 kg. Where UF removes too much intravascular T A B L E 5 Generalized estimating equation (GEE) model predicting likelihood of overhydration (OH) events by gender, age, ethnicity, cause, group, day of week, month, day of treatment, duration and socio-economic status | e1567 plasma water, or removes it too rapidly, intravascular hypovolaemia may result (Caplin, Kumar, & Davenport, 2011) . IDH is thought to be a direct consequence of this imbalance between excessive intravascular fluid removal and inadequate passive plasma refilling (Davenport, 2006) . This is confirmed by Agar (2016) who has argued that extending treatment time would allow for additional time to remove fluid safely, especially for patients with larger IDWG. Agar (2016) also stresses the importance of an individual fluid removal (UFR) rate of only ≤10 ml kg À1 hr À1 as beyond that value morbidity, including hypotension, increases significantly. He further proposed a rather individualised treatment duration approach to minimise the risk of hypoperfusion of end organs. This recent and individualised approach is supported by several other authors (Flythe & Brunelli, 2011; Huang et al., 2015; Ludvigsen, Hermansen, & Lindberg, 2015) .
It is possible that in this study, some of the IDH events may have been caused by an unnecessarily high UFR. An individually tailored UFR approach could potentially mean fewer IDH events in the future for patients with extended treatment hours.
The comparatively low occurrence rate of OH post-treatment demonstrates that most patients left the dialysis unit more often "dry"
than "wet". This trend is also confirmed by the lowest OH occurrence on the last day of the week in both groups (MWF = 2.5% and TTS = 1.6%) compared with Monday (MWF = 8.5%) and Tuesday (TTS = 7%). This is, on the one hand, a result of everyone's efforts to that "fundamental change is required for Aboriginal patients to have significant input into the management of their illness" (Cass et al., 2002) .
Excess fluid volume has been previously described as being directly associated with hypertension (C ß elik, Kara, Yilmaz, & Apiliogullari, 2011) , and an increased postdialytic blood pressure has been correlated with elevated hydration status (Nongnuch et al., 2015) . Conversely, Takeda, Toda, Fujii, Sasaki, and Matsui (2006) reported that additional antihypertensive medications, decreasing pre-and intradialytic blood pressures, were not associated with an increase in the frequency of IDH. These authors concluded that there is no correlation between predialytic and intradialytic blood pressure and the incidence of IDH. Interestingly we found in our study a high number (14.4%) of IDH events in patients with hypertension. This could be possibly caused by the nurses' assumption of hypertension being caused by excess fluid. Consequently, overestimating ultrafiltration goals and concurrently unaware of the genuine intravascular volume status of a patient, which could not have been validated as there were no tools for its specific measurement on hand. As sometimes excess fluid shows in some patients as a symptom of hypertension, some renal nurses may tend to assume that hypertension may always be a sign of hypervolemia. As then there are no other objective parameters available to assess intravascular volume, they may then tend to challenge the patients' dry weight, subsequently trying to remove more fluid, ultimately with the result of an IDH event. Additionally, the majority (65%) of the 17 overhydrated patients also had episodes of IDH during other treatments.
This may either be due to unsuccessful attempts to remove excess fluid, or incorrectly assessed IBW.
| LIMITATION S
As an observational study, patients in this study were not randomised to their treatment days so the findings are not generalis- The results of this observational study highlight the unacceptably high prevalence of IDH on a day-to-day basis and that renal nurses need more objective parameters to measure and assess information prior to and during haemodialysis treatments to evaluate the intravascular volume status.
| RELEVANCE TO CLINICAL PRACTICE
The high occurrence of hypotension-related events demonstrates that ultrafiltration treatment goals in satellite dialysis clinics are sometimes overestimated, resulting in regular significant symptomatic episodes for the patient. Raising the awareness of the prevalence of IDH amongst renal nurses could be an essential initial step before collectively preventative strategies in haemodialysis satellite units are implemented.
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